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A7STRAFCT

Passage of els parenc A9s Lb- iiiii yellI.w fever virus
ini-cta tell culture tbrovj'.h :,71 crr..;;P ~v~u'

duced a' variant (I-f) t.a ., uilike P v/,rua (a) inuced
cytopathic effect i[ I[et~a an! uhi.ck fihroblagt .e1.1 cuiture•,.
(h) became tore virulent for mice, and (c) lost' it "vls-
cerotropic" tharacter for the monkev.

Chroric infectioi of Hea cells w,7ith P virus was estab-
lished for a two mornth period. The virus obtained from
this culture showed characteristics of the P and H-6 an.
was desitgated-parent chronic (Pc).

The #c virus strain was- undetectable from supirnatgnt
fluid two months -post-infection. Cloned populations of
•he surviving cells showed evidence of the modtfigation-"
induced by the Pc virus in terms of- susceptibility (stnsi-
tivlty a~nd capacity).
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, Tr"llkODUC3IOXN

In studi-es with the intact anin•.l, Theiler" reported modifiýýation of
".the Asibi strain ws a result of serial mouse brain.passage. The altered
progeny diff,,,:ed f:trom its parent (P) according tor twn-criteriaý (i) mic.
infected with lethal doses of the former succumbed more rapidly with
equivalent virus codncentrations; and (b) monkeys showcd tbo "neurotropic:
rather than the "vicerotropic" syndrome. Thu viEJcetotropir marker was
ehcwn by Hallauer: to decline when Asibil stra4- vi'us:was p asýged in KB
cells.-

Some of the early investigatorsa reported that chick embryo tissue
cultures supported the growth of a French (neurotropic) strain, while
others' showed this tissue culture to be insusceptible to the viscerv-
tropic- (Asibi) strain. Although the privary passage of Asibi~straln in
tissue cultures of chick embryo proved to be unsuccessful, the virus,,
progeny of Asibi strain following 18 passages inminced n.ouse embryo
cultzure was found to --ltiplý in chick embryo tissueoculture. A cOm--
parable change in viral ptoperties after passage can'be, further-illus-
trated -by the 17D strain (an Asibi-derived'stiain), which was altered
by continued passage through several-hosts including chick embryo tissue °
culture. This 17DI variant-proved to be useful as an arjtenuated vaciiie
for man- -

The purpose of this paper to to report on the changes in certain
- ,virus-and cellular properties following the passage of Asibi strain virus

in BeA cell cultures.

=Z

Virus strain, cell line, virus titration, -and wash treatment pro-
cedures have been previously described.5

Plaque Assay - a modification of the monolayei plaque' method described
for the production of plaques-with Venezuelan equine encephalomyeli-tis'
viruse was employed. Cultures overlayed withýthe nutrient agar solution
were incubated up to six d4ys at aotemperature of 351C.

-I-



III. RES!:LTS

A. PASSAGE T1R'UGH HeLa CELLS

In a-a effort to induce -odificatton of the P Asih •train, virus was
serially passaged in HeLa cultures., Virtfs containedd in a ohe-millili'ter
volume of a 10" . dilution was inoculated into IT-60 Earle flasks nont•rning
a monolayer of HeLa e-lls. Each cu-lture wasi subjected to two wash treat'-

ments, one i-diatelv before and the-other oneý hour following inociilation;

The latter wash-treatment" was adopted to effect a-fur4her dilution of the
unadsorbed virUs'and to elivrkitte interference-as described for-'the-early

phases of the infectiousiycle--in -this system. Priorýto harvest the only
addition to an infected cutlture wasi bicar-bonate and this only in concen-
trations spfficieqtsto maintai-n a pH level- of approximately 7.2. Through--
out -this ieriesi"infected culturies were incubated at 37*C and harvested at
arbitrary intervals; each interval was not less-than 96 hours...

t• he results presented in Figure L show th~t-- a cytopathic effect (CPE?"
oci-urred ostarting at the -thlrdopassaage anl became-regular°and predictablme
.....ythe sixth passage. The CPE occurrinfgat the sixth passage was ch~rac-

terized by progressive retractiono of-the-cytoolasm with graiulation and-the
appearance of cellular debris. Since HeLa cells infected with the P Asibi
strain showed no evidence of CPE, the virus progeny of the sixth Hela

-passage was considered-to represent a variant population (H-6).

-B. C010ARTSV-IC-VARIOUS PROXTIES Or PAND H-6 GRC=1 CURVE

A growth-curve experiment was performed with P and-Ha6 in HeLa cultures
for the purpose of further chdracteri atidf of -these st-rains. Paired HeLa

cell cultures were inoculated with 10O MICID5 0 of each strain in-one-__
milliliter volume. After the cultures-were subj-ected to post-inoculation
wash treatment and sampled for virus content, one T-60 Earle flask from
each pair was placed at 35"C, the other at 37C, and incubated for a six-
daylý period. A 0.5-milliliter volume was removed daily anid titrated in
mice. The results of thitsxperiment are shown in Figure 2-and indicate
that,although exponential phases of virus growth in both strains were more
or less paraillel, H-6 att4ined approximately one log higher peak titer
than P. Inasmuch as -peak-titers obtained with kvirus throagh the course
of many experiments have fluctuated between 1061iand 10' and those of H-6
ranged between 107 and 108, this difference of one log was considered
significant.

C. VIRULENCE-FOR MICE

The H-6 strain also appeared to be more Viruldnt for mice. With
equivalent doses, mice began to die two to three days earlier with H1-6
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Figure I.- Rapid'Passage of Yel1o Fever-
'Virus in HeLa Ce-Il iqlturi..,
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SFigure 2. Growth of P and H-6 Strains of
Ye IIow; Fever Virus- in HeLa
Cultures at 35' and 37-C.
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D. VTIRiJYJNG0 7OR 'MNM"

From axparLionts perfor7ýd with , -;ionkon8e,y it was evident that 1-6
differed from ? virus in that monke-ys infacitd ";ith the H-eLa itrain dia
not exhibit a vicerotropic disease y-ndroma as obaerved in thjope 4tf1c--

with ' Pvirus.

Y. PLAQUE FMAtION

A cownparison of the two stralns with respoct to their plaqul-fornnlno
ability in both Hea and chick fibroblasta wasr next ivcs;igated.- .......
of these experiments showed that only the H.6 strain had the ability to
form plaques when o.ther HeLa or chick flmbr-blaqt ware employed, and that
the plaques appeared nftar the fifth day of incubation. in %;arallel
titrations of the Y-6 strain, two logs less virus were detectable by the
plaque method tha'h in r.~ce that were iznoculated by the intracerebral route.

F. ANOTIGENIC IDENUTY OF r AOJD 'H-6

Neutralization tests were 'erfored. to establish virus identity and
specificity employing mouse brain seed of P virus and tisaue-culture-grown
HT-6 virus, In this experiment the virus tontained in both the inoculum and
harvest were titrated against Asibi strain imune sera obtained fromi'two
sources: (a) a guinea pig Prmnune serum from animals i-inized with mouse
brain seed, and (b) monkey antiserum* immunized with a monkey plasma Virus
seed. Results of these neutralization tests with nornfal.,serum corttrols
showed that H-6 and the Asibi strain seed virus were antigenically e , uiva-
lent; that is, antisera to both strains were equivalent in their neutrali-
zatidn indexes. Table I summarizes the differences 'between the H-6 and P
strains of yell~w fever, virus.

TABLE I. CHARACTERISTICS OF TWO STRAINS OF YE LM- FEVERVIRDS

n ( Variant (H-6)
Characteriatics Parent (") HeLa-Cell-Derived

Asib-' strain (6th passage)
Peak titer from HeLa cell 107 108
culture in MICLD50 /ml

Time of cytopathogenic effect
(1) in H"1kT c0i10 4 dnyo
(2) in chick fibroblasts 4 days

Day of initial-mortality
'In mtce 8 to 9th day 6 to 7th day

Monkey virulence Lethal Avir-lent

* Prepared by Mr. E.C. Curristan.
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. C40N•C •FJq,7tTN N 'HeTa GELLA

Inn ao tffort to establish a chronic ifnecttin of Ahibi strain virus
in HeLa cello, a culture was incculatd with 10 141=T30. The culture was
subjected to a wash treoatment one hour post-inoculation andl then .ncubeted
for :Lx days. After the sixth day, it waw further wanh-treated f h
twelfth to the sLtieth day at intervals of three or six days. RePuultu of
this experinent (Figure 3) suggest that a continuoue prduction and. release
of yellw faver virus occurred during t1m two•month period. Titers regu-
larly ranged between 105 and 106 MICLtD 0 /ml from the ninth to the o -xt Lath

day, although the dilution of the virus resultin, , ferom the medium replace-
reant aporesnated a greater dilutionof vliruf than could have possibly been
il the inoculum.

Virus harvested from this culture was designated parent chronic (Pc),
A OPE was observed in this culture at the twelfth day of icoubation, but
after a chango of redium on the fifteenth day, morphological characteris-
tics of-the surviving cells remained indistinguishable from uninfected
control, cultures.

Greater bicarbonate concentration was iecess'Pry to fnalihtai). pI levels
above 7.2 in the Pc cultures than in uninfected control culture-s. The

.increased acidity in infected cultures has been associated with viruses
other than the %grop B arth~pod-borne viruses. 7

The Pc virus recovered from the supernatant fluid s"mple-s of this
culture after lý months resembled H-6 'more than P virus, He4a cells
and chick fibroblasts showed progresaive CPE when in6culated with this
virus, although the pattern ot wiuse deaths observed following inoculation
was indistinguishable from that previously experienced with P virus. Thus,
it was concluded that the modification of Asibi virus resulting from con-
tinuolu association with HeLa cells for a two-month period either had not
progreisi-to -thieii ree shown by the A-6'variant and/or resulted in a
different variant population.

The surviving cells of the Pc virus culture were carried for an ad-
ditional month as a stock culture (medium changes followed by subcultures,
when cell-sheets became confluent). These cells were cloned (through one
transfer) acgorditig~to the method followed previously.6  From these cell
populations only morphologically Dl-type clones were obtained.

Efforts to detect minimal virus concentrations fron supernatant fluids
were unsuccessful by either intracerebral inoculation of mice or plaque
assay methods. It was assumed, therefore, that the long-'tori call-virus
aoeociation had not only altered the virus populations bht had also altorod
the-cell population, so that only morphologically D-type clones were recovered.

Inasmuch as Pc virus could not be deucted from the surviving cell cul-
tures, it was of interest to determine whether new infectious cycles could
be supported by these D-type remnant populations that would alPo show cell

-4 - -itures wer-einoluciatedwdith !0W M-TXD5
concentrations of virus, two with P and the other with 11-6. Cultures were
incubated for six days at 37 -C. The titration endpoints of daily samplea
are shown in Figure 4. The initial vhase of virus growth, i.e., from zero
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St1votih 96 hours, ýhcawed no evi dnnca Of modification, either" of virus
(., or 1 -) or of cCls I -o r.zql or previousaly infotctd). in contrast,

d cce Urig the 1,ýý ix o' virus grwtlh wr-iLn mani~fest: (a)
thn lu.ýwition of the exponential gcrowth of F virus in 1)-type cells
scrviving Pc virus if ct izi aLtaLned a peak t.ter •c Jf 10 n ti tr of
two I leas than was sined in D clones having no prior o 1eioc
;t' t~his vii,()neak Virti tIteso ~ iu ~o po i~

!0-°Imi, tervinatin:3 iu virus conctc ratonos be1o• the level of assay.
It • apparent, therefore, that tha resulting conIinuous i•.u•-rc2l3 lurr
action'had modified both virum and cell -op tions. Whether re-in ected
with the P strain or primnrily infected with H-6, the Eurviving cells
the uorphoiogioal D-type clones showebd no effect on the earl.y p-asn .f
virus infection, but there waz a wtcdtfiUcation of the capacityý of choe
cel-is to support virus growth, The effect on capacity was shwn to be
-greater with H{-6 than with the P strain virus in D-type clones of s{-rviv-
ing cells. Although the D-type clones testz may he composed of mixed

\..populations) since they resulted from only one transfer, it should be
nuoed that inoculation-of HeLa cells with' I4 MICL 5s of virus, regardles
of clone, always produced a titer higher than 105 iCLDs 0 /nl and that the
D-type cells represented the vast majority,

Z-



Teata perfnt-ad with -the P Asibf± &train virus indicated that no chan-a
had. occurred in the,: p-oper-ties associated proviou-,ly with this virus follow-

a .a sirz opruaqoa in Heta ce411 cultures. In contrast, virus obtained
-!,Hier from long-term viiru,-ReLa c-ell associat~on, i.e., chroaic infection
4ý.or two 7=hs (Pc),.,or following six serial pasaages in. ITeLa cells (H--6),
resquI:ed-ir virug io~difioation., ;Odistinction can be mnade with eIther of-,
these variant' viVUJ populattonir aa to whether they were sponta~leous mutiant's
*rthat they rpr~eset the -emergence of a subpo~ulation present in-the

original population of P-virus, Th _Fvrs ulk , induced cytoat'h-tý
changes when trai-s.fdr:ed to "n-Orwl" 1iea and ehi~k, fibroblast' monolay'er-_
cultures. Even doraý;natked were the modifications exhibited by-the Ii-
virus when compared wlittiP -Mic'e infe~cted with the -H-6. virus died earl~ier"
thani' those infected 4ith P virus. Monkeys exposed to H1-6 survived; others,
similarly infected-with Pv-.Irus, suzecbmbed. Plalues were obtained in chicit

fibrobast ~'~cure-with ER-6 but not. with P. .Appaen-t y, H1-6 eeend

a differdnt or ey.Ai 'greater modification of the initial Virus pppulati-on
than did Pa~. Aithough the times 9f Pc and R~-6 virua'-cell~associationa.-wfee
compariihle, Jthe-- HeLa cell1 popula~tions during the infectlotle'cyclea of Pc -

were ,continually'unde~rgoing modification, while the precursors-of H-,6 virus
-were exposed, to An unmodified-'cellular environment, i.e.,edaltto
that of P virus~ the surviving CHeLa pop'lto poucIng #c did not under-jý
go marked cytopathi' 'alteration conftpared y ith those, infected with H-:6-virus.
-Additionil mnodif ications ~evidtnt iin the ,HeLa cell population that produced
-Pc- indicated t'hat only the casi~ toaoiehg iu -coticentratiorC and'

not thK sensitivity -to, infectionhbAd'been modif ie'd. Thus, Oiatyp~e clones of
t-hPc -culture when re-in~fected with' P.virus shoeld -an initial ii~ect ion

cycle similar to "normal! D type cloners.but terbinate-d with co-tsiderably.
kess virus produced. -When H1-6 virus was employed with the'D-ype c
r~emnant) clones, an even greater decline in capacity ,was detected, Thus,-
although-the I~yp cins sltdfo aet La 1tells and chronically

infected Heae we Ire morphologically indist~inguishible, they 4-ifferecý.4'in
susceptibility to, P,4nd H1-6, During the miodification of ~tveý IiiLa,-c41 "
population that resuilted from Pc multiplication, a popu~lation shifgt in ý
HeLa cells was observe4 to a new D-type clone.
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